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Activities to Promote Technology Research Collaborations 
(APTRC) for Cancer Research (Admin Supp) 

•  Leverages two unique NCI programs focused on supporting 
technology development research with transformative potential 
for advancing cancer research 
•  The Innovative Molecular Analysis Technologies (IMAT) program 

supports highly innovative, data-generating platforms and 
methodologies while  

•  Informatics Technologies for Cancer Research (ITCR) program supports 
powerful data processing and visualization technologies. 

•  The goal of the APTRC: 
•  Accelerate the development of new enabling cancer technologies 
•  Support and encourage new multidisciplinary scientific collaborations 

between IMAT and ITCR 
•  Bring together complementary technology platforms and 

methodologies to enhance the capabilities of either in a way that 
advances cancer research or clinical care 

•  Activities must be within the overall scope of active parent grants 



First step was to identify an IMAT partner 

Webinar from Tony/Juli, IMAT/ITCR websites, NIH RePORTER, list of funded 
IMAT projects, call with Tony 



Key criteria: complementary research goals, PI 
bandwidth, project stage (not too early/late in cycle) 

Dr Stephen Salipante (R33CA192980) was our clear first choice, introductions 
by Tony, jointly developed a unified introduction, specific aims, and research 
strategy + individual supporting docs for submission 
 



Rationale 

•  Clinical sequencing of cancers is an increasingly important 
tool in the practice of precision oncology, where the 
detection of actionable mutations can improve clinical 
decision making for individual patients.  

•  Challenges remain in establishing high-quality frameworks 
for the prioritization and interpretation of these 
alterations in a clinical context, and similarly, in 
establishing variant detection methods which yield 
consistently high and standardized performance across 
institutions.  



Proposal 

•  We propose to use CIViC, a curated knowledgebase and 
supporting software tools, for evidence-based design of a 
diagnostic gene panel that leverages error-correcting 
sequence enrichment probes (smMIPs) to enable the 
ultrasensitive detection of actionable cancer-associated 
mutations for clinical use. 

•  Collaborative Consortium that integrates two key pieces of 
technology:  
•  Part 1. The CIViC knowledgebase and curation system (Griffith; 

ITCR U01CA209936) developed at Washington University (WashU) 
•  Part 2. smMIP technology (Salipante; IMAT R33CA192980) developed 

at University of Washington (UW).  

 



Suppl Aims build directly from parent aims 

Aim 1. Perform comprehensive variant curation and develop evidence-
based prioritization for selection of high-value clinically actionable 
targets for panel design  
 
Aim 2. Develop an inexpensive, ultrasensitive experimental platform to 
enable clinical detection of actionable variants 



CIViC provides an open knowledgebase and curation system for 
evidence-based clinical interpretation of variants in cancer 



smMIPs provide an ultra-sensitive, cost-effective 
method for assaying variants 
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•  The single-molecule Molecular Inversion Probes 
(smMIPs) method modifies established assays for 
multiplex sequence capture using MIPs such that 
each copy of a target is “tagged” with a Unique 
Molecular Identifier (UMID), a unique, random DNA 
sequence, during the capture reaction.  

•  Couples scalable target enrichment with sequence 
read error correction: 
•  High multiplex capabilities: >50,000 reactions, 

targeting up to 125kb without intra-probe interference. 
•  UMID retained on all copies of a smMIP molecule during 

PCR and sequencing used to determine which sequence 
reads share a common origin.  

•  Reads derived from the same capture event error-
correct one another to yield an independent haploid 
consensus for each progenitor molecule.  

•  Error-rate of sequencing and library preparation is 
effectively eliminated.  

•  Advantages: generally applicable to any target, 
cost-effective, ultrasensitive, quantitative, and 
scalable 

Stephen Salipante 



WashU Aim 1.1 – Targeted curation of high-priority 
clinically relevant genes and variants 

11 

High Impact Variants > 10 Gene Panels  

161 High Impact Variants 

96 High Impact Variants that are not 

Extensively Curated 

We have developed a database of 100+ gene panels offered 
commercially or academically. Typically no rationale for inclusion 
available… 



WashU Aim 1.1 – additional gaps will be identified and 
filled by targeted curation of key sources 
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•  Targets identified by summarizing overlap between the 
publications already used in CIViC and those in other key 
resources: PMKB, MCG, OncoKB, CanDL, CGI, JAX-CKB, and 
the Gene-Drug Knowledgebase 

•  Variants and papers referenced in other open access 
databases such as COSMIC, PCT, ClinVar, and OMIM 

•  Published evidence for the arms of important basket 
clinical trials such as NCI-MATCH, ASCO-TAPUR, I-SPY2, 
BATTLE-1, BATTLE-2, and CUSTOM 

•  The CIViC publication queue where CIViC curators and 
editors can submit papers thought to contain valuable 
evidence. 



WashU Aim 1.2 - Development of an evidence-based prioritization 
scheme for automated target selection and panel design 

Create CIViC score to determine extensively curated variants 
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CIViC Score = ∑(Evidence Level)*(Trust Rating) 

EID662 = B(4) * 4 = 16 
EID990 = B(4) * 3 = 12  
EID134 = B(4) * 3 = 12  
EID135 = C(3) * 3 =  9  

CIViC Score = 49 

Figure 1. Example of CIViC entry for KRAS (G12/G13).
The first panel details the evidence summary at the gene level.  
The second panel details the evidence summary at the variant 
level. The third panel details evidence items that support the 
variant and gene level summaries.

Figure 1. Example of CIViC entry for KRAS (G12/G13).
The first panel details the evidence summary at the gene level.  
The second panel details the evidence summary at the variant 
level. The third panel details evidence items that support the 
variant and gene level summaries.



WashU Aim 1.3 - Modification of CIViC interface to 
display variant prioritization score and probe design 

•  In order to facilitate widespread usage and integration of the 
prioritization score and probe design modifications to the CIViC 
interface will be needed.  

•  Scores will be displayed at gene and variant level indicating 
cumulative score of “clinical relevance” 

•  Scores will be integrated into existing search and filtering 
features of the site  

•  Facilitate rapid identification of the complete set of variants 
currently eligible for inclusion in the CIViC-smMIP panel. 

•  Designed probe sequences for each variant will be made 
available through the public interface, providing complete 
transparency and facilitating widespread adoption of the 
technology.  

•  As CIViC variants are added and achieve threshold score, new 
probes will be added allowing the continual evolution of a 
comprehensive and current precision medicine resource. 



UW (Salipante) Aims - Develop an inexpensive, ultrasensitive experimental 
platform to enable clinical detection of actionable variants  

•  2.1 smMIP panel design 
•  Design a smMIP capture panel targeting ~70kb of genomic sequence.  

•  CIVIC-prioritized targets 
•  full-gene tiling and mutational hotspot targeting 
•  double-stranded capture design 

•  2.2 Analysis pipeline 
•  Data-cleaning, merging overlapping paired-end reads, grouping of reads based on shared UMID 

sequences, UMID-mediated consensus calling of reads originating from the same progenitor 
molecules, optimized alignment of consensus sequences to targets, and variant calling 

•  Expand functionality to double-stranded capture design  
•  Intersect variant calls with the CIViC database API to create clinical summaries for individual 

cancer patients 
•  2.3 Validation Approach 

•  Validate the CIViC smMIP panel by re-characterizing clinical specimens which have previously 
been submitted for genomic characterization 

•  Evaluate at least 50 de-identified cancer specimens (predominantly lung adenocarcinoma, 
colorectal adenocarcinoma, and endometrial carcinoma specimens 
•  evaluate sensitivity and specificity 

•  2.4 Prospective application of panel to clinical specimens 
•  Prospectively sequence at least 20 residual, de-identified clinical specimens submitted for 

genomic characterization by existing high-throughput sequencing clinical oncology assays 
offered by our institutions (UW-OncoPlex and WUCaMP) 

•  Compare variants identified, de-identified clinical reports issued, assess whether the enhanced 
performance capabilities offered by CIViC-smMIP (ultrasensitivity and/or improved clinical 
interpretation) would have impacted patient care 



Summary - Value added by APTRC application 

•  Provides a mechanism for the impact of CIViC 
knowledgebase to be maximized in clinical practice 
•  An ultrasensitive mechanism for diagnostic laboratories to enrich 

and sequence the clinically actionable variants CIViC identifies as 
most relevant 

•  Helps to best realize potential of smMIP technology 
•  Tailor capture designs to actionable variants with most well-

supported and well-documented implications for cancer patients 

•  Develop a freely-available, open-access framework which 
enables standardization of methods for detecting and 
interpreting cancer variants 
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